Two simple, sensitive, and rapid spectrofluorimetric methods were developed and validated for the determination of albendazole. The first method (method I) was based on the quenching effect of albendazole on the native fluorescence of erythrosine B. The fluorescence intensity was measured at 554 nm after extraction at 527 nm. In the second method (method II) the drug was reacted with lanthanum(III) ions to form a metal complex, which was measured at 340 nm after excitation at 295 nm.
Introduction
Albendazole (ABZ, Fig. 1 ) is an anthelmintic drug belonging to the benzimidazole group which is commonly applied in the treatment of infection caused by a wide range of worms such as pin worms, round worms, hookworms and whipworms.
1 ABZ is still an effective treatment for hydrated cysts, echinococcosis, and neurocysticercosis. ABZ as a benzimidazole drug produces its effect through specic binding to tubulin, the microtubule subunit protein. This binding will interrupt the structure and function of the microtubule and hence interfere with the microtubule-mediated transport of secretory vesicles in absorptive tissues of the worm.
2 Due to the great clinical importance of ABZ, several analytical methods have been reported for its determination either in pharmaceutical dosage forms or in biological uids. The reported analytical methods include: spectrophotometry, 3-9 spectrouorimetry, 10-13 highperformance liquid chromatography (HPLC) [14] [15] [16] [17] HPTLC, 18 thermogravimetry 19 and electrochemical methods.
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Most of the reported spectrophotometric methods have low sensitivity. In addition, some of these methods were indirect and involved time consuming, multi steps and multi-reagents reactions. This could affect the accuracy and precision of these methods. 6 In spite of the suitable sensitivity of the ionpair complex based methods, 7, 8 they suffer from the extraction step which involve the use of hazardous organic solvents and the possibility of emulsion formation or incomplete extraction. HPLC consume large volumes of highly pure organic solvent and labor sample pretreatment steps. HPLC, capillary electrophoresis and electrochemical methods require relatively expensive and sophisticated instruments. On the other hand, the spectrouorimetry apply a relatively simple procedure and easy to handle instrument. The reported spectrouorimetric methods were not applied in the analysis of human plasma samples. [10] [11] [12] [13] In addition chloroform was used which is a hazardous organic solvent 10 in one method while the charge transfer based method have low sensitivity (LOD ¼ 2.0 mg mL À1 ).
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Erythrosine B (EB, Fig. 1 ) as an acidic dye, is a food colorant that has been used for the spectrouorimetric determination of some basic compounds such as uoroquinolones 22 imipramine 23 and proteins. 24 As ABZ has a basic centre (secondary amino group), it can form an ion pair associate with the dye in weakly acidic solution. The complex formation process was accompanied by a signicant quenching of the native uores-cence of EB. The mechanism of the uorescence quenching was investigated using Stern-Volmer equation.
Another feature of ABZ molecule is the presence of the benzimidazole moiety which impart a native uorescence for the drug. However, this uorescence activity is very weak in aqueous solutions. Fortunately, the secondary amino and carbonyl groups of ABZ, give it the ability to form a stable complex with many metal ions. Lanthanide complexes have been used as uorescent label for a wide variety of analytical techniques. It was found that, the weak native uorescence of the drug was greatly enhanced by its metal complex reaction with lanthanum(III) ions.
In the present study, EB dye and La(III) ion were utilized for the development of two spectrouorimetric methods for the determination of ABZ based on complex formation reactions. The uorescence quenching in the rst method and uores-cence intensity in the second method were directly proportional to the drug concentration. The mole ratios of both reactions were investigated, and the thermodynamic parameters were calculated. Both methods were applied for the determination of the cited drug in oral dosage forms and spiked human plasma.
The simplicity and low detection limits are among the advantages of the proposed methods over the previously reported methods. In addition the applied procedures were less time consuming and utilized: green solvents (water and methanol for method I and II, respectively), inexpensive reagents and relatively low price instrument. Furthermore, the developed methods could determine the cited drug with good recoveries without any interference from frequently encountered excipients or plasma components. Therefore, the proposed methods are suitable for the determination of the ABZ in its oral dosage forms in quality control laboratories.
Experimental

Instrumentation
All spectrouorimetric measurements were carried out on SCINCO FluoroMate spectrouorimeter (FS-2, Korea), equipped with 150 W Xe-arc lamp, PMT detector and 1 cm matched quartz cells. Super-mixer (GEMMY industrial CORD, Taiwan, R.O.C), pH-meter, model AD11P (Adwa, Romania) and bath sonicator (SONICOR SC-101TH) were also used. All weighing were performed on an electronic single pan balance (Precisa XB 220A, Switzerland). Distilled water was prepared by water distiller (TYUMEN-MIDI-A0-25 MO, Russia).
Chemicals and reagents
All chemicals were of analytical grade and reagent solutions were prepared fresh daily. Albendazole powder was kindly supplied by the Egyptian International Pharmaceutical Industries Company (EIPICO, Cairo, Egypt) and was used without further purication. Solution of 5. 
Pharmaceutical formulations
The following pharmaceutical preparations were analyzed which were present in the local market; Alzental tablets (Egyptian International Pharmaceutical Industries Company, EIPICO, Cairo, Egypt) labeled to contain 200 mg of albendazole per tablet. Alzental suspension was labeled to contain 20 mg of albendazole per 1 mL.
Preparation of standard solution
An accurately weighed amount (10 mg) of ABZ was dissolved in 100 mL methanol. This gave a stock standard drug solution (0.1 mg mL
À1
) which was further diluted with the same solvent to obtain working standard drug solution containing concentrations covering the required range.
2.5. General analytical procedure 2.5.1. Procedure for method I. One milliliter of both Toerell-Stenhagen buffer solution (pH 3.4) and erythrosine B solution (1.7 Â 10 À4 M) were transferred to 10 mL calibrated ask followed by 1.0 mL of the working standard or sample drug solution. The solution was allowed to stand at room temperature for 5 min. The volume was completed with distilled water and the uorescence intensity of the resulting solution was measured at 554.4 nm aer excitation at 527 nm. A reagent blank was prepared and measured in the same manner. 2.5.2. Procedure for method II. Into 10 mL calibrated volumetric ask, the following solutions were added in order; 1.0 mL of working standard or sample solution of the studied drug, 1 mL of phosphate buffer solution (pH 5.5) and 1.4 mL of lanthanum chloride solution (5.1 Â 10 À4 M). The solution was set aside at room temperature for 15 min. Methanol was added to complete the volume to the mark, and the uorescence intensity was measured at 340.3 nm aer excitation at 295 nm. A blank was carried out in the same time without the addition of the drug solution.
Construction of calibration curves
Different aliquots of the standard drug solutions (2.0-35 mg mL À1 for method I or 0.7-9.0 mg mL À1 of method I) were transferred into a series of 10 mL calibrated volumetric asks and the general analytical procedure was applied as previously mentioned. The calibration graph was obtained by plotting the corrected uorescence intensity versus the nal concentration of ABZ, and the corresponding regression equation was estimated.
2.7. Samples preparation of for analysis 2.7.1. Tablets. Ten tablets of ABZ were accurately weighed and nely powdered. An accurately weighed amount of the powder equivalent to 10 mg of the drug was transferred into a 100 mL volumetric ask. The drug was extracted from the powder by sonication with about 50 mL of methanol for about 25 min. Aer completion of the volume to the mark with the same solvent, the solution was ltered off and the rst portion was discarded. The sample solution containing the required drug concentration (0.5 mg mL À1 ) was prepared by further dilution of the suitable volume of the ltrate. The general analytical procedure was applied on an aliquot of the nal solution, and the drug content was calculated using the corresponding regression equation. 2.7.2. Suspension. Into 100 mL volumetric ask, 5.0 mL of the suspension was transferred followed by 50 mL of methanol and the same procedure described for tablets was applied.
2.7.3. Spiked human plasma. Into a heparinized tube, 5.0 mL of drug-free human blood sample was taken from healthy volunteer and centrifuged at 4000 rpm for 5 min. One milliliter of the drug-free plasma (supernatant) was transferred to 10 mL stoppered calibrated tube and spiked with 1.0 mL of the standard drug solution (0.5 mg mL À1 ). The protein content of the plasma in the mixture was precipitated by the addition of 3 mL acetonitrile and the volume was completed to 10 mL with methanol. The mixture was cooled in ice bath and centrifuged at 4000 rpm for 10 min. A suitable volumes of the supernatant containing ABZ within the recommended concentration range were subjected for drug analysis by applying the general procedure. Blank value was carried out by treating the drug-free blood sample in the same manner without adding the drug.
Determination of the reaction stoichiometry
Job's method of continuous variation 26 was used to nd out the molar ratios between the drug and the reagent. Equimolar solutions of both ABZ and the reagents (5.1 Â 10 À4 mol L À1 in case of lanthanum and 1.7 Â 10 À4 mol L À1 in case of erythrosine B) were prepared. Series of 1.0 mL solutions were made up comprising different complimentary proportions of the reagent and drug (0 : 1.0, 0.1 : 0.9, ., 0.9 : 0.1, 1.0 : 0) in 10 mL volumetric asks. One milliliter of the buffer solution (ToerellStenhagen buffer, pH 3.4 and phosphate buffer solution, pH 5.5) was added to each ask and the general analytical procedure was followed as described previously.
Results and discussion
The ability of ABZ to form complex with different substances was utilized for the development of two sensitive spectrouorimetric methods. The basic nitrogen of the drug could form an ion pair complex with erythrosine, while both the secondary amino group and its neighbor carbonyl group give ABZ the capability to form metal complex.
Fluorescence spectra
Erythrosine B is an acidic dye which has a native uorescence appears at 554 nm aer excitation at 527 nm. When the solution of ABZ was added to dye solution a signicant reduction in the uorescence intensity of the dye was observed as a result of the ion-pair complex formation. This represent the basis for the rst spectrouorimetric method. However, ABZ itself has a very weak native uorescence in aqueous solution which could be greatly improved upon the addition of lanthanum ions. The stability of the complex was improved in the presence of phosphate buffer (pH 5.5). Based on this fact, another spectrouorimetric method was constructed. The excitation and emission spectra of the studied reagents in the presence and absence of ABZ are shown in Fig. 2. 
Optimization of reaction conditions
The best reaction conditions were attained by changing each experimental variable individually and monitoring its effect on the uorescence intensity. The investigated variables were buffer type, pH and volume, reagents concentration (La(III) or erythrosine B), diluting solvents and reaction time.
3.2.1. Effect of pH. It is well known that the pH of solution greatly affect the formation and stability of complexes. The effect of pH on the uorescence intensity of the reaction product was examined using phosphate buffer or TeorellStenhagen solution, having pH in the range of 2.0-4.5 and 4.0-8.0 for method I and II, respectively. The highest uorescence quenching was attained using pH 3.2-3.6 in method I, while in method II, maximum uorescence intensity was obtained in the pH range of 5.0-6.0. Higher or lower pH values produced a gradually decreased in the obtained values (Fig. 3) . As a result, buffer solutions of pH 3.4 and 5.5 were selected for the subsequent work for method I and II, respectively.
Effect of buffer type.
The effect of the chemical composition of the buffer solution on the uorescence intensity was examined by performing the general analytical procedure using different types of buffers (pH 3.4 for method I and 5.5 for method II). The investigated buffer solutions were acetate, McIlvaine, phosphate and Teorell-Stenhagen buffers (Fig. 4) . Maximum uorescence quenching was achieved using TeorellStenhagen buffer in case of method I. While phosphate buffer offered the highest uorescence intensity, and therefore it was chosen as the optimum buffer in method II (Fig. 4) .
3.2.3. Effect of buffer volume. The volume of the buffer solution of the suitable pH (3.4 or 5.5) was varied in the range of 0.2-1.6 mL and the resulting uorescence intensity of the blank and reaction product were measured. As shown in Fig. 5 , the increase in the buffer volume resulted in a linear increase in the uorescence intensity (or uorescence quenching) of the reaction products. Maximum values were obtained using 0.8 mL and remained signicantly unchanged up to 1.2 mL. Further increase in the buffer volume produced a slight or negligible decrease in the uorescence intensity. Therefore, 1 mL of the buffer solution of the suitable pH was selected in both methods.
3.2.4. Effect of reagents concentration. The reagent concentrations were varied by using different volumes of the reagents solution (5.1 Â 10 À4 mol L À1 of La(III) or 1.7 Â Fig. 3 Effect of pH on the fluorescence quenching (B) and fluorescence intensity (C) using of 0.5 and 1.0 mg L À1 of ABZ, for method I and II, respectively. 
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À4 mol L À1 of EB). It was observed that increasing the volume of the reagent resulted in gradual increase in the corresponding uorescence quenching (or intensity in method II) of the reaction products up to 0.8 mL. Higher reagent volumes have no signicant effect on the uorescence intensity in method II. However in method I, a gradual reduction in the uorescence quenching was obtained at dye volume higher than 1.2 mL which may be attributed to the formation of EB dimer by selfaggregation (Fig. 6) . Thus, it was recommended that 1.0 mL of EB solution or 1.4 mL of La(III) chloride solution to be incorporated in the general analytical procedures. 3.2.5. Effect of diluting solvents. Aer completion of the reaction between the reagents and ABZ (1.0 and 0.5 mg mL À1 for method I and II, respectively), the reaction mixture was diluted with different solvents. It was observed that the highest uo-rescence quenching was obtained with water (DFI ¼ 1309) in method I. Low quenching values were obtained in the presence of diethyl ether (13), dioxane (603) and methanol (276). On the other hand, ethanol (À1329), produced uorescence enhancement rather than quenching. Therefore, water was the most appropriate solvent for dilution. In method II, it was found that a very low uorescence intensity was observed in the case of ethanol (66) and dioxin (100). The intensity in the presence of the other of solvents increased in the following order; 2-propanol (715) < acetonitrile (776) < water (918) < DMSO (1269) < methanol (1309). Consequently, methanol was used as the diluting solvent as it gave the highest uorescence intensity. The selected solvents; (water for method I and methanol for method II), are green solvents although water is more preferable. Both are readily available, cheap and environmentally safe which make the proposed methods superior over the reported spectrouorimetric method 27 which was carried out in DMSO. 3.2.6. Effect of reaction time. The reaction between the drug and the reagents were studied at different time interval aer mixing at room temperature. It was observed that, the reaction between ABZ and EB was very fast and completed within 4 min. In the case of the reaction of ABZ with La(III), the uorescence intensity reached its maximum value within about 12 min. In both reactions the uorescence intensity remained unchanged for at least 60 min. In order to make sure that the reaction has been completed, the uorescence intensity was measured aer 5 and 15 min for method I and II, respectively.
Determination of the reactions stoichiometry
The ratio between ABZ and the reagent was estimated by applying Job's method of continuous-variation. A series of solutions containing various molar ratios of the drug and the reagents (EB or La(III)) were prepared keeping the total moles in all solutions constant. The uorescence intensities of at the specic wavelengths for each solution was measured. In method I, the observed uorescence intensity of each mixture at various mole fractions was subtracted from that of the solutions containing the same concentration of the dye alone. While, in method II, the uorescence intensity of the blank (containing the La(III) ions alone) was subtracted from that of the solution experiment. The difference in the uorescence intensities was plotted against the mole fraction of the drug, Fig. 7 . Curves were obtained in which the position of the maxima indicated that the molar ratio was 1 : 1 for EB : ABZ and 1 : 2 for La(III) : ABZ. Based on the estimated molar ratios, the chemical structure of the formed complexes were presented in Fig. 8 .
In weakly acidic medium (pH 3.4), EB will dissociate to form a mono-valent anion in which the ionization of the hydroxyl group is predominant than carboxylic group of the phenyl ring. This is due to the presence of two strong electron withdrawing groups (iodine atoms) on the xanthene ring adjacent to the hydroxyl. The negatively charged mono-valent anion of EB will interact with the drug cation through both electrostatic interaction and hydrophobic forces to form the ion pair complex.
The mechanism of metal complex formation between ABZ and La(III) was similar to the previously reported complex between ferric(III) and ABZ. 28 Accordingly, in the proposed chemical structure of La(III)-ABZ chelate, the drug molecule acts as a neutral bidentate ligand through the carbonyl group of the side chain and NH of ve-member ring with octahedral fashion toward La(III) ions.
Furthermore, the quenching mechanism of ABZ on the native uorescence of EB was studied by applying Stern-Volmer method. Stern-Volmer plot was constructed by plotting the uorescence intensities in the absence (F 0 ) and presence (F) of the quencher (the drug) against the quencher concentration [Q]. The obtained straight line was tted to the Stern-Volmer equation. . This value is signicantly higher than the largest reported K q for collisional quenching (2 Â 10 10 L mol À1 s
À1
). 31 Consequently, the assumed quenching mechanism for the interaction between ABZ and erythrosine B is considered a single static process.
The rate constants and free energy changes of the reactions
The reaction rate constant (K) for the reaction between ABZ and EB could be calculated using following equation.
where, [D] is the molar concentration of the drug, F 0 and F are the uorescence intensities of the dye in the absence and presence of the drug, respectively. Results for the curve tting of eqn (1) are summarized in Table 1 . The rate constant for the reaction was calculated from the intercept and was found to be 2.07 Â 10 4 . The number of mole (n) of ABZ was found to be approximately one (0.96) which give an additional conrmation for the molar ratio (1 : 1) in the drug-dye ion pair complex. For the reaction between lanthanum and the drug, the binding constant (K) was calculated using the modied BenesiHildebrand equation:
where; F 0 , F, and F max are the uorescence intensities of: the blank, the metal ions in the presence of the drug, and at full saturation, respectively. for lanthanum complexes with ABZ. Gibb's free energy (DG ) of the reactions can be calculated from the obtained reaction rate constants using the formula: DG ¼ À2.303RT log K, where, R is the gas constant (8.314 J K À1 mol À1 ), T is the absolute temperature in Kelvin and K is the rate constant. The estimated values for DG were À24.6 and À27.5 kJ mol À1 for EB-ABZ and La-ABZ reactions, respectively.
Since the values of the obtained free energy change are largely negative, it is expected that both reactions have high spontaneity and feasibility at room temperature.
Validation of the developed method
To conrm the feasibility of the developed procedure in routine analysis of ABZ in real samples, the procedure was fully validated according to guidelines of the International Conference on Harmonization (ICH). 34 The studied parameters included; linearity and range, accuracy and precision, sensitivity, selectivity and robustness. Table 1 Curve fitting data of eqn (1) and (2) 3.5.1. Range and linearity. Different standard solutions of ABZ having different concentrations were subjected to analysis using the general analytical procedures. The uorescence intensities in the absence and presence of the drug were measured. The uorescence quenching (blank-experiment) in case of method I or the corrected orescence intensity (experiment -blank) in case of method II was plotted versus the corresponding drug concentration. The analytical parameters were calculated by applying linear regression analysis. The uores-cence quenching (or uorescence intensity for method II) was directly proportional to the drug concentration in the linear range of 0.2-3.5 and 0.06-0.90 mg mL À1 of ABZ for method II and II, respectively. The obtained correlation coefficients were very close to the unit (>0.9996) prove the high linearity of the methods. Other analytical parameters of the proposed methods are summarized in (Table 2) . 3.5.2. Detection and quantitation limits. For evaluation of the sensitivity of the proposed methods, the detection and quantitation limits were calculated using the formula; LOD ¼ 3.3s/S and LOQ ¼ 10s/S, respectively, where s is the standard deviation of intercept and S is the slope of calibration curve. It was found that values of LOD were 0.048 and 0.019 mg mL À1 while LOQ were 0.150 and 0.059 mg mL À1 for method I and II, respectively ( Table 2) . These values, which are in the nano-gram scale indicated the high sensitivity of both methods. However, metal complexation method was three fold more sensitive than the other method. 3.5.3. Accuracy. Accuracy of the proposed method was checked at three concentration levels within the recommended range (0.5, 1.50, and 2.50 mg mL À1 for method I and 0.10, 0.50, and 0.70 mg mL À1 for method II). Three replicates were measured for each concentration and the results were expressed as % recovery, RSD and percentage relative error (E r %) ( Table 3 ). The high accuracy of the suggested methods was proved from the closeness of the obtained % recovery to 100% and the low value of E r %. This level is satisfactory for the determination of this drug during routine analysis. 3.5.4. Precision. Two levels of precision were examined for the developed methods; intra-day and inter-day (intermediate) precision. Three independent analyses using three different drug concentrations were performed within the same day to evaluate the intra-day precision and were carried out on three consecutive days in case of inter-day precision. The low value of the calculated relative standard deviation which did not exceed 2.0%, gave an indication about the acceptable level of precision of the methods (Table 4 ) and its high level of repeatability and reproducibility.
3.5.5. Robustness. The effect of small changes in the experimental parameters on the analytical performance of the methods was investigated. In the study of the method's robustness, four factors were altered individually and their effects were examined. These parameters were; buffer pH and volume, reagent concentration (EB or LaCl 3 ) and reaction ) and 1.4 mL for lanthanum chloride time. It was found that, neither of these variables had any signicant effect on the analytical performance as the relative standard deviation did not exceed 2% (Table 5 ). This gives an indication about the suitable level of robustness and the reliability of the developed spectrouorimetric methods. 3.5.6. Selectivity and effect of interferences. The selectivity of the method was assessed to conrm its ability to determine the drug alone without any interference from the common excipients incorporated into tablets or suspension formulations. The studied excipients included; glucose, lactose, magnesium stearate and maltose. These components were added individually to the standard drug solution in a ratio similar to those in their commercial pharmaceutical formulations. The general analytical procedure was applied to estimate the drug content and the results were expressed in % recovery and standard deviation. As shown in Table 6 , neither of the investigated excipients have any signicant interference with the results of the proposed method.
3.6. Application of the proposed methods 3.6.1. Application to pharmaceutical preparations. The commercially available dosage forms (tablets and oral suspension) of ABZ were analyzed by the proposed methods for their drug contents. In the same time, these dosage forms were also subjected for analysis by the reported methods, 5 and the results of the methods were compared with respect to accuracy and precision using the student's t-and F-tests, respectively. It was found that, the calculated t-and F-values did not exceeded the tabulated one (Table 7) . This gave an indication about the absence of any signicant difference between the proposed and reported methods in respect to accuracy and precision, respectively.
3.6.2. Application to spiked human plasma. The high sensitivity of the proposed method encouraged the determination of studied drug in human plasma. It was reported that the mean maximum concentration of albendazole in human plasma was 0.33 mg mL À1 aer a single oral dose of 400 mg.
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The drug concentrations in the human plasma samples spiked with ABZ were estimated from their corresponding regression equations. The results summarized in Table 8 shows that, the mean recovery values were 96.28-97.41% AE 0.70-2.39. These results conrm the absence of any signicant interference encountered from the components of the plasma and prove the suitability of the proposed methods for the analysis of the ABZ in the spiked human plasma.
Conclusion
In the current article, the formation of complexes of albendazole was applied for the development of two sensitive and simple spectrouorimetric methods. The methods were validated according to ICH guidelines and successfully applied for the analysis of dosage forms and spiked human plasma containing the drug. The proposed methods have the virtues of simpler and shorter reaction times, more environmentally safe solvents are reagents, easier operation procedures and lower cost than the reported methods. The thermodynamic study reveals the feasibility of the undergoing reactions at room temperature. All these advantages make the method suitable for the use in quality control laboratories for routine work.
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